Abstract. Obesity has been linked with vitamin D defi ciency in a number of cross-sectional studies, reviews and meta-analyses. The aim of the present study was to assess the correlations of plasma 25(OH) vitamin D levels with indices of body composition examined by DXA with an emphasis on lean and bone mass as well as on indices such as android/gynoid fat, appendicular lean mass, fat-mass indexes (FMI) and fat-free mass indexes (FFMI). 62 adult subjects consented to participate -27 men (43.5%) and 35 women (56.5%). Their mean age was 45.3 ± 9.5 years. Fan-beam dual-energy X-ray (DXA) body composition analysis was performed on a Lunar Prodigy
INTRODUCTION
O verweight and obesity have become an epidemic in westernized societies. So has vitamin D insuffi ciency and defi ciency. Obesity has been linked with vitamin D defi ciency in a number of cross-sectional studies, reviews and meta-analyses [1] [2] [3] [4] . The negative correlations of serum vitamin D levels with different indices of obesity, such as body weight, BMI, WC and waist-to-hip ratio (WHR), were extensively studied [1] [2] [3] [4] [5] . In a national representative sample individuals with 25(OH)D < 25 nmol/l showed a signifi cantly higher incidence of obesity compared to those with higher vitamin D levels (57.8% vs. 42.2%, p < 0.02) [2] . Other studies have questionned the relationship between vitamin D defi ciency and obesity, highlighting the fact that no exact causal link had been proven yet [6] . Vitamin D is stored in the liver and adipose tissue [7] . Therefore it would be interesting to know which type of body tissue (lean, fat or bone) correlates better with the serum levels of 25(OH) vitamin D.
There are different techniques for body composition measurements in the clinical setting, such as computed tomography (CT), magnetic resonance imaging (MRI), dual X-ray absorptiometry (DXA) and bioelectrical impedance analysis (BIA). A few studies assessed the correlations of vitamin D levels with the subcutaneous and visceral fat combining data from CT and DXA [8] [9] [10] [11] . In those studies plasma 25(OH) D concentrations were negatively associated with percent body fat and total adipose tissue. In the majority of them visceral fat (VAT) was better correlated to serum vitamin D than subcutaneous fat (SAT). On the other hand, the contribution of lean mass has been questioned in a few studies based on dual Xray absorptiometry (DXA) and was generally found to be less important than that of fat mass [8, 10] . The results were rather inconclusive showing association with the appendicular lean mass in one of those studies [8] and no association with lean mass in another one [10] . Data on the correlations of serum vitamin D with the body compartments coming from bioelectrical impedance analysis (BIA) are also focused on the fat mass (FM) and visceral fat mass (VFM) mainly, not on the fat-free mass (FFM) [12] [13] [14] [15] [16] [17] . Most of them reported a positive association of plasma 25(OH)D with the total amount and percentage of body fat. So the question which body compartment -lean or fat, relates better to plasma 25(OH)D remains open. Moreover, the concept of age-related sarcopenia has brought into life a number of new indexes describing the shift towards fatness even in the presence of normal weight [18] [19] [20] [21] [22] .
The aim of the present study was to assess the correlations of plasma 25(OH) vitamin D levels with indices of body composition examined by DXA with an emphasis on lean and bone mass as well as on derived indices such as android/gynoid fat, appendicular lean mass, fat-mass indexes (FMI) and fatfree mass indexes (FFMI). Our hypothesis was that plasma vitamin D would be better correlated to fat mass than to lean mass.
MATERIAL AND METHODS

Design
This is a cross-sectional observational study. It was approved by the responsible authorities at the Medical University and was in compliance with ethical standards and the Declaration of Helsinki. Each participant signed informed consent prior to any procedure. The inclusion criteria were age between 18 and 60 years and willingness to participate. The age range was selected to avoid the additional confounding infl uence on body composition of age-related sarcopenia. The exclusion criteria were severe or chronic diseases or medications known to affect body weight, immobilization, and others known to induce morbid obesity. Among the exclusion criteria were conditions such as heart failure NYHA III and IV, respiratory failure, chronic kidney disease stage III to V, liver cirrhosis, pancreatitis, musculoskeletal disorders (severe fractures, disability) etc. Among the medications that were not allowed were glucocorticoids, immunosuppressive drugs, antipsychotic drugs and others.
Subjects
The participants came from the general population. They were referred by their GPs for diet counseling in the setting of healthy lifestyle or to induce weight loss in those with overweight or obesity. 500 subjects were offered to participate in this study and 62 consented -27 men (43.5%) and 35 women (56.5%). Their mean age was 45.3 ± 9.5 years. Their age distribution was as follows: 20-29 years -2 men and 2 women; 30-39 years -6 and 7 respectively, 40-49 years -14 and 10; 50-59 years -5 and 16.
Methods
Medical history was collected and anthropometric measurements were performed. Body weight was measured by a calibrated digital scale (Tanita BC 420 MA, Tanita Inc., Japan) to the nearest 0.1 kg in light clothes without shoes. Up to 1.0 kg was subtracted from the measured weight as remaining clothes. Body height was recorded in the upright position without shoes to the nearest 0.5 cm. BMI categories were calculated in kg/m 2 .
The body composition analysis was performed in the early morning after an overnight fasting for at least 12 hours. The subjects were required to adhere to standard body composition testing guidelines, wearing light clothes [19, 23] . They were positioned lying supine with the entire body, including all soft tissue, within the table margins. The arms were positioned palm down with a space straight at the patient's sides; the legs were kept together with the feet relaxed. Fan-beam dual-energy X-ray (DXA) body composition analysis was performed on a Lunar Prodigy Pro bone densitometer (GE Lunar, Chicago, IL, USA). All DXA scans were read by the same technologist in a semi-automatic way including manual modifi cations of the regions of interest; software version 12.30. Body composition data were presented by the software as FM in grams, LM in grams, and bone mineral content (BMC) in grams. The percentage of FM (% FM) was also calculated. Data were calculated separately for the different body sub-regions (arms, legs and trunk; android and gynoid), as well as total values according to the ISCD 2013 guideline [23] . Additionally a number of ratios were calculated -fat mass ratios (Trunk/To Blood samples were collected between 7:00 a.m. and 10:00 a.m. Plasma 25(OH) Vitamin D was measured by electro-hemi-luminescent detection as 25(OH)D Total (ECLIA on an Elecsys 2010 analyzer, Roche Diagnostics, Switzerland). The intra-assay error is 1.7-7.8%.
Statistical analysis
Statistical analyses were done using the SPSS 23.0 statistical package for Windows (SPSS Inc., Chicago, IL, USA).Descriptive statistics and variation analysis were fi rst performed. The descriptive statistics of the DXA-derived body composition data is presented in Table 1 . As expected, men and women showed statistically signifi cant differences in all parameters of body anthropometry and composition, except for age, BMI and Total body fat (in kg). Women had signifi cantly higher values for % total body and regional fat (gynoid and arms), while men showed higher values of all remaining parameters. Figure 1 .
In the multiple regression analysis ALM-to-BMI ratio showed the highest predictive power followed by the Total BMC. The fi nal model in the backward procedure attained p = 0.024) and adjusted R2 = 0.067. The increase of ALM-to-BMI ratio with one point leads to an increase of serum vitamin D by 29 nmol/l. This regression model explained only 7% in the serum vitamin D variations. Similar results were obtained in men, while in women regression analyses were not performed because of lack of signifi cance from the correlation analyses. 
DISCUSSION
In this study we tested the hypothesis, whether there are differences in the associations of serum vitamin D levels with the different body composition compartments (fat and lean mass). Our hypothesis was that fat mass would be better correlated to the 25(OH)D level. Surprisingly, it was correlated signifi cantly only to the whole body bone mineral content, the appendicular lean mass index (ALMI) and the ALM-to-BMI index, underlining a predominant role for lean and fat-free mass. Vitamin D showed a very weak correlation to % Body Fat and the Fat Mass Index (FMI) in men only. Moreover, the multiple regression model including the associated parameters could explain only 7% of the variation in the serum 25(OH)D levels. Our conclusion was, that there are differences in the associations of the vitamin D levels with the different body composition indices, but these associations are generally very weak and therefore -negligible. As a collateral fi nding, higher fat-free mass (FFM) was found in men, with visceral obesity (increased android-to-gynoid ratio) being highly prevalent in this study population.
Our initial hypothesis was based mainly on data coming from body impedance analyses, showing a better correlation of serum vitamin D with FM, rather than with FFM [12, 15] . In the study by Vilarrasa et al. 25(OH) D was stronger correlated with body fat (r = -0.53) and fat mass (r = -0.44), than with fat-free mass (r = -0.35) [12] . In the study by Jungert et al. 25(OH) D was associated with total body fat in women, but not in men [15] . No correlation with FFM was found in this study. Data coming from studies using the DXA technology for body composition analysis are even scarcer. They are mainly focused on visceral and subcutaneous fat [11] . In the study by Lenders et al. the correlation coeffi cient of serum vitamin D versus FM was r = -0.3 (p < 0.05), while it was -0.16 with FFM and not signifi cant (p > 0.05) [10] . Seo et al. reported negative correlations of serum 25(OH) D with body fat percentage, but positive ones with appendicular skeletal muscle mass [8] . A number of DXA-based studies focused on ALM and different indices of body fatness or muscle mass, but they were designed to assess the prevalence and characteristics of sarcopenia, not to explore associations with vitamin D status [20, 22] .
Having in mind the scarcity of the data in the literature we think that the associations of vitamin D with lean mass and related indices are promising for further research in that area. However, our study has a number of limitations. The results are not representative for the general population. The study population is of moderate size and signifi cance is lost if subgroups are stratifi ed according to BMI, age etc. On the other hand, this is one of the few studies using DXA and indices of body fatness and muscle mass in assessing their relation to serum levels of 25(OH) D in adult people throughout the whole continuum of normal weight, overweight and obesity. It underlines the role of vitamin D as a pro-hormone being correlated with body composition.
In conclusion, we were able to prove that serum 25(OH) D is weakly correlated to BMC, ALMI and ALM-to-BMI, and not to % BF or FM. The contribution of the vitamin D status to the body composition is negligible. This information could be useful in combined studies of vitamin D defi ciency and obesity. 
